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(57) ABSTRACT

A stereoscopic display and a driving method are disclosed
herein. The stereoscopic display includes a sensor, a barrier
cell, and a control unit. The sensor 1s configured to detect a
user to generate a sensing signal. The barrier cell 1s configured
to generate a 3D i1mage with a 2D 1mage. The barrier cell
includes barrier pitches disposed in parallel. Each of the
barrier pitches includes switchable barrier units. The control
unit 1s configured to generate control signals to adjust the
switchable barrier units according to the sensing signal, so as
to make at least one of the switchable barrier units of each of
barrier pitches form a shading zone, to make the switchable
barrier units disposed at the two adjacent sides of the shading
zone form a gray level zone, and to make the rest of the
switchable barrier units 1n the same barrier pitch form a photic
Zone.

11 Claims, 10 Drawing Sheets
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ADJACENT SIDES OF THE SHADING ZONE FORM

GRAY LEVEL ZONE, AND TO MAKE THE REST
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STEREOSCOPIC DISPLAY HAVING A GRAY
LEVEL ZONE AND A METHOD FOR
DRIVING THE SAME

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Sertal Number 102130297, filed Aug. 23, 2013, which 1s
herein incorporated by reference.

BACKGROUND

1. Field of Invention

The present invention relates to a stereoscopic display.
More particularly, the present invention relates to a stereo-
scopic display having a gray level zone.

2. Description of Related Art

A conventional stereoscopic display (also 3D display) 1s
implemented with a parallax barnier. Reference 1s made to
FIG. 1A. FIG. 1A 1s a schematic diagram of the stereoscopic
display 100 used in some approaches. As shown in FIG. 1A a
2D 1mmage 1s generated from a pixel layer 140, and the states of
the parallax barrier cell 120 are changed to form a photic zone
102 or a shading zone 104. Thus, a better 3D 1mage 1s pro-
vided to a user.

A hqud crystal (LC) barrier cell 1s commonly used to
realize the parallax barrier cell. As shown in FIG. 1A, the
parallax barrier cell 120 1s twist nematic (IN) type liquid
crystal barrier cell. By applying a driving voltage to the elec-
trodes on opposite sides of the parallax barrier cell 120 (here-
iafter referred to as “opposing electrodes™), shading zones
104 or photic zones 102 are able to be formed on the switch-
able barrier units 122. For illustration, 1f the parallax barrier
cell 120 1s a normally white LC, and a driving voltage 1s not
applied to the opposing electrodes, the photic zones 102 are
formed. Alternatively, 1f the driving voltage 1s applied to the
opposing electrodes, the shading zones 104 are formed.

However, when the viewing position of the user changes
(1.e., the positions of the user’s eyes change), the positions of
the photic zones 102 must be changed. That 1s, the driving
voltages on each of the switchable barrier units 122 must be
changed correspondingly, so as to allow the user to see a
better 3D 1mage. When the photic zones 102 and the shading
zones 104 are switched (1.e., from the first mode to the second
mode in FIG. 1A), the luminance of the image 1s changed,
resulting in flickers on the screen.

FIG. 1B 1s a graph illustrating a relation curve of a visual
angle and an average luminance. FIG. 1C 1s a schematic
diagram of the luminance of the switchable barrier units
being changed when the switchable barrier units are
switched. There are two major reasons to make the luminance
change. The first reason relates to the angular intensity being
non-uniform. As shown 1n FIG. 1B, when the first mode 1s
switched to the second mode, the switching operation 1s not
able to be performed at a precise switching angle. Thus, the
luminance of the first mode and the luminance of the second
mode are different with respect to the same visual angle result
in tlickers on the screen. The second reason relates to the
on-time and the off-time of the LC barrier cell being different.
For example, as shown in FIG. 1C, when switching in two
modes, the switchable barrier units 122 are able to be
switched fast from the photic zones 102 to the shading zones
104. However, 1t takes a longer time for the switchable barrier
units 122 to be switched from the shading zones 104 to the
photic zones 102.

In addition, in FIG. 1A, aunity barrier pitch 1s set to include
8 groups of the switchable barrier units. In general, the greater
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the number of groups of the switchable barrier units, the
smoother the switching of the image. However, due to the
increasingly smaller pixel structure 1n modern high-resolu-
tion panels, the number of groups of the switchable barrier
units 1s limited due to the manufacturing process. When the
number of the groups of the switchable barrier units 1s mnsui-
ficient, crosstalk increases, which results in a decrease 1n the
smoothness of 1image switching.

Theretfore, a heretofore-unaddressed need exists to address
the aforementioned deficiencies and 1mnadequacies.

SUMMARY

One aspect of the present disclosure 1s to provide a stereo-
scopic display. The stereoscopic display includes a barrier
cell, a sensor and a control unit. The barrier cell 1s configured
to generate a grating-like structure to form a 3D 1image with a
2D 1mage. The barrier cell includes barrier pitches disposed
in parallel, and each of the barrier pitches includes switchable
barrier units. The sensor 1s configured to detect a user to
generate a sensing signal. The control unit 1s configured to
calculate a visual angle of the user 1n accordance with the
sensing signal, and accordingly generate control signals 1n
accordance with the visual angle to adjust the switchable
barrier units, so as to make at least one of the switchable
barrier units of each of the barrier pitches form a shading
zone, to make the switchable barrier umits disposed at two
adjacent sides of the shading zone form a gray level zone, and
to make the rest of the switchable barrier units 1n the same
barrier pitch form a photic zone.

Another aspect of the present disclosure 1s to provide a
driving method for a stereoscopic display. The stereoscopic
display includes a barrier cell, the barrier cell includes barrier
pitches disposed 1n parallel, and each of the barrier pitches
includes switchable barrier units. The driving method
includes the following steps: generating a sensing signal by
utilizing a sensor to detect a user; calculating a visual angle of
the user by utilizing a control unit to process the sensing
signal; and adjusting the switchable barrier units to make at
least one of the switchable barrier units of each of the barrier
pitches form a shading zone, to make the switchable barrier
units disposed at two adjacent sides of the shading zone form
a gray level zone, and to make the rest of the switchable
barrier units in the same barrier pitch form a photic zone.

In summary, the present disclosure has significant advan-

tages and improved performance compared to the prior art.
The present disclosure realizes sigmificant technological
progress and offers high value in this industry. The stereo-
scopic display and the driving method of the present disclo-
sure include many driving configurations to reduce screen
flicker, and may be applied to high-resolution displays.

It 1s to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention can be more fully understood by reading the
following detailed description of the embodiment, with ret-
erence made to the accompanying drawings as follows:

FIG. 1A 1s a schematic diagram of a stereoscopic display

used 1 some approaches;
FIG. 1B 1s a graph 1llustrating a relation curve of a visual

angle and an average luminance;
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FIG. 1C 1s a schematic diagram of the luminance of swit-
chable barrier units being changed when the switchable bar-
rier units are switched;

FIG. 2 A 1s a schematic diagram of a stereoscopic display in
accordance with one embodiment of the present disclosure;

FI1G. 2B 1s a graph illustrating mode switching of a stereo-
scopic display used 1n some approaches;

FIG. 2C 1s a graph illustrating mode switching of the ste-
reoscopic display 1n FIG. 2A 1n accordance with one embodi-
ment of the present disclosure;

FI1G. 2D 1s a graph illustrating a relation curve of an angular
intensity umformity of the stereoscopic display in FIG. 2A
and a luminance of a gray level zone;

FI1G. 3 1s a schematic diagram of a barrier cell in FIG. 2A in
accordance with one embodiment of the present disclosure;

FIG. 4A 1s a schematic diagram of the barrier cell 1in FIG.
2A 1n accordance with one embodiment of the present dis-
closure;

FIG. 4B 1s a graph 1llustrating a relation curve of photic
time TX, shading time TY and a transmittance in accordance
with the embodiment 1llustrated in FIG. 4A;

FI1G. 4C 15 a schematic diagram illustrating a configuration
of control signals VCTRL4 and VCTRLS 1n accordance with
the embodiment 1llustrated in FIG. 4A;

FIG. 5A 1s a schematic diagram 1llustrating increasing the
number of switching groups 1n accordance with one embodi-
ment of the present disclosure;

FIG. 5B i1s a graph 1llustrating a relation curve of visual
angles of the right eye and leit eye of a user 1n each mode 1n
FIG. 5A and a crosstalk performance 1n accordance with one
embodiment of the present disclosure; and

FIG. 6 1s a tlow chart of a driving method 1n accordance
with one embodiment of the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the invention, examples of which are 1llus-
trated 1n the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

Although the terms “first,” “second,” etc., may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are used to distin-
guish one element from another.

FIG. 2A 1s a schematic diagram of a stereoscopic display
200 1n accordance with one embodiment of the present dis-
closure. As shown 1n FIG. 2A, the stereoscopic display 200
(also called as 3D display) includes a sensor 220, a barrier cell
240, and a control unit 260. The sensor 220 1s configured to
detect a user, and 1n response generates a sensing signal
Vsense and transmits the same to the control unit 260. The
barrier cell 240 1s configured to generate a gratings-like struc-
ture to form a 3D image, 1n which the 2D image may be
generated from the pixel layer 240a 1n FIG. 2A. The barrier
cell 240 may be the aforementioned TN cell. The barrier cell
240 includes barrier pitches 242 disposed 1n parallel. Each of
the barrier pitches 242 includes switchable barrier units (not
shown 1 FIG. 2A). The control unit 260 1s configured to
generate control signals VCTRL 1n accordance with the sens-
ing signal Vsense, so as to make at least one of the switchable
barrier units of each of the barrier pitches 242 form a shading,
zone, to make the switchable barrier units disposed at two
adjacent sides of the shading zone form a gray level zone, and
to make the rest of the switchable barrier units 1n the same
barrier pitch 242 form a photic zone.
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FIG. 2B 1s a graph illustrating mode switching of a stereo-
scopic display. FI1G. 2C 1s a graph 1llustrating mode switching
of the stereoscopic display 200 1n FI1G. 2A 1 accordance with
one embodiment of the present disclosure. As shown 1n FIG.
2B, when switching the state of the gratings, the stereoscopic
display switches the gratings from the shading zone 202 to the
photic zone 204 directly, or from the photic zone 204 to the
shading zone 202 directly. As mentioned above, flickers are
caused due to the on-time and the off-time of the barrier cell
240 1s different. As shown in FIG. 2C, when switching the
state of the gratings (i.e., the switchable barrier units), the
stereoscopic display 200 switches the gratings having
changes 1n states to the gray level zone 206. For illustration,
the gratings are switched from the shading zone 202 to the
gray level zone 206 or from the photic zone 204 to the gray
level zone 206. With the configuration of the gray level zone
206, the difference between the on-time and the off-time of
the barrier 1s reduced, and thus the problem of flicker 1s
improved.

FI1G. 2D 1s a graph 1llustrating a relation curve of an angular
intensity uniformity of the stereoscopic display 200 in FIG.
2A and a luminance of the gray level zone 206. Angular
intensity uniformity (AIU) 1s defined as the ratio between
minimum and maximum ratios of the luminance of the 3D
image to the luminance of the 2D 1mage that are measured at
different visual angles. Ideally, AIU 1s 100%, which means
the luminance 1s uniform at all visual angles. As shown i1n
FIG. 2D, with the configuration of the gray level zone 206, the
problem of non-uniform luminance at different visual angles
in the stereoscopic display 200 1s improved.

The following paragraphs in the present disclosure provide
numerous embodiments which are able to implement the
functions and operations of the sterecoscopic display 200.
However, the present disclosure 1s not limited thereto.

FIG. 3 1s a schematic diagram of the barrier cell 240 in FIG.
2A 1n accordance with one embodiment of the present dis-
closure. Each of the switchable barrier units includes control
clectrodes Cn (1.e., C1-C10) and a common electrode COM.
The common electrodes COM of the switchable barrier units
are electrically coupled to each other and are at the same
clectric potential. The control electrodes Cn of the corre-
sponding switchable barrier units of each barrier pitch 242 are
clectrically coupled to each other, so as to be at the same
clectric potential. For illustrative purpose, FIG. 3 only 1llus-
trates one barrier pitch 242. It 1s assumed that the barrier pitch
242 mcludes 10 sets of the switchable barrier units B1-B10
corresponding to the control electrodes C1-10, in which the
switchable barrier units B4-B7 are the shading zone 202, the
switchable barrier units B1, B2, B9 and B10 are the photic
zone 204, and the switchable barrier units B3 and B8 are the
gray level zone 206. In this embodiment, the control unit 260
1s configured to generate a voltage, the control signal
VCTRL1, the control signal VCTRL2 and the control signal
VCTRL3 i1n accordance with the visual angle determined
from the sensing signal Vsense. The voltage 1s applied to each
of the common electrode COM and the control electrodes C1,
C2,(C9 and C10 of the switchable barrier units B1, B2, B9 and
B10, so as to form the photic zone 204. The control units 260
provide the control signals VCTRL1 and VCTRL2 to the
control electrodes C3 and C8 of the switchable barrier units
B3 and B8 at the two adjacent sides of the shading zone 202,
so as to form the gray level zone 206. The control signal
VCTRL 3 1s applied to the control electrodes C4-C7 of the
switchable barrier units B4-B7, so as to form the shading zone
202.

For illustration, as shown in FIG. 3, the voltage applied to
the common electrode COM 1s set to 0 Volts, the voltage
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amplitude of the control signals VCTRL1 and VCTRL?2 1s set
to 3 Volts, and the voltage amplitude of the control signal
VCTRL31s setto 5V. The gray level zone 206 1s generated by
using the control signals VCTRL1 and VCTRL2 with a
middle voltage level. When the gratings are switched, the
problems of crosstalk or AIU being changed significantly are
thus improved.

FIG. 4A 15 a schematic diagram of the barrier cell 240 1n
FIG. 2A 1n accordance with one embodiment of the present
disclosure. Compared with the configuration of the middle
voltage level illustrated in the embodiment above, 1n this
embodiment, the control unit 260 generates a common con-
trol signal VCTRLCOM and the control signals VCTRLA4,
VCLRLS, and VCTRL 6 1n accordance with the sensing
signal Vsense. The common control signal VCTRLCOM 1s
applied to each of the common electrode COM and the con-
trol electrodes C1, C2, C9 and C10 of the switchable barrier
units B1, B2, B9 and B10, so as to form the photic zone 204.
The control unit 260 1s further configured to generate the
control signal VCTRL®6 and apply the same to each of the
control electrodes C4-C7 of the switchable barrier units
B4-B7, so as to form the shading zone 202 1n accordance with
the sensing signal Vsense. As shown in FI1G. 4A, the common
control signal VCTRLCOM 1s complementary to the control
signal VCTRL6. An enabling period of the control signals
VCTRL4 and VCTRLS at least partly overlaps the enabling,
period of the common control signal VCTRLCOM. Accord-
ingly, a phase difference 1s made by setting the delay time, and
the mixed effect of the shading zone 202 and the photic zone
204 1s generated 1n the enabling period of the control signal
VCTRL4 and VCTRLS, and the gray level zone 206 1s thus
generated.

For illustration, as shown 1n FIG. 4 A, the voltage amplitude
of each of the control signals 1s set to 5 Volts, the frequency of
cach of the control signals 1s the same, and the phase differ-
ence between the control signals VCTRL4 and VCTRLS and
the common control signal VCTRLCOM 1s 90 degrees. In
this example, the overlapping time between the enabling
period of the control signals VCTRL4 and VCTRLS and the
enabhng period of the common control signal VCTRLCOM
1s the time that the switchable barrier units B3 and B8 form
the photic zone 204 (denoted as the photic time TX), in which
the driving voltage difference between the opposing sub-
strates of the switchable barrier units B3 and B8 1s 0 Volts.
Alternatively, the non-overlapping time between the enabling
period of the control signals VCTRL4 and VCTRLS and the
enabling period of the common control signal VCTRLCOM
1s the time that the switchable barrier units form the shading
zone 202 (denoted as the shading time TY). A half time of
cach duty cycle of the switchable barrier units required to be
switched 1s at the shading zone 202, and another half time of
the same 1s at the photic zone 204. Thus, the effect of the gray
level zone 206 1s obtained.

FIG. 4B 1s a graph illustrating a relation curve of the photic
time TX, the shading time TY and a transmittance 1n accor-
dance with the embodiment illustrated 1n FIG. 4A. A ratio of
the transmission time 1s defined as TX/(TX+TY ), which indi-
cates a ratio of the photic time TX to a unity duty cycle time
for switching. The transmittance represents the light penetra-
tion rate of the 2D image. When the transmittance 1s 100%,
the switchable barrier unit operates 1n the photic zone 204.
Alternatively, when the transmittance 1s 0%, the switchable
barrier unit operates in the shading zone 202. As shown in
FIG. 4B, the overlapping time between the enabling period of
the control signals VCTRL4 and CTRLVCTRLS and the
enabling period of the common control signal VCTRLCOM
1s able to be adjusted according to requirements of practical
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applications, so as to adjust the ratio of the transmission time
to generate the gray level zone 206 with different luminance.

FI1G. 4C 1s a schematic diagram illustrating a configuration
of the control signals VCTRL4 and VCTRLS 1n accordance
with the embodiment illustrated 1n FIG. 4A. In previous

embodiments, there are many ways to configure the control
signals VCTRL4 and VCTRLS. As shown 1n FIG. 4C, when

the frequency of the control signals VCTRL4 and VCTRLS
and the frequency of the common control signal VCTRL-
COM are the same, the control signals VCTRL4 and
VCTRLS are able to be configured as described in the
embodiments above (e.g., wave 420). When the frequency of
the control signals VCTRL4 and VCTRLS and the frequency
of the common control signal VCTRLCOM are different, the
control signals VCTRL4 and VCTRLS are able to be config-
ured as the wave 422 or wave 424, 1n which the photic time
TX and the shading time TY are configured in the enabling
period of the common control signal VCTRLCOM on aver-
age. The configurations described above are only for 1llustra-
tive purposes, and the present disclosure 1s not limited
thereto. Persons having ordinary skill in the art are able to
utilize any one of the configurations.

Furthermore, the luminance of the gray level zone 206 1s
able to be gradually increased, so as to achieve an effect of
equivalently increasing the groups of the switchable barrier
units 1n one barrier pitch 242. Reference 1s made to FIG. SA.
FIG. 5A 1s a schematic diagram illustrating increasing the
number of the switching groups in accordance with one
embodiment of the present disclosure. The original first mode
and the original second mode shown 1n FIG. 5A correspond to
the stereoscopic display 100 used in some approaches,
namely, from the shading zone 202 (the transmittance 1s 0%)
switched to the photic zone 204 (the transmittance 15 100%)
directly or from the photic zone 204 (the transmittance 1s
100%) switched to the shading zone 202 (the transmittance 1s
0%) directly. In this embodiment, the transmittance of the
switchable barrier units at both sides of the shading zone 202
1s able to be adjusted gradually, so as to increase the groups to
be switched equivalently. As shown in FIG. SA, when switch-
ing at the original first mode, the transmittance of one of the
switchable barrier units at both sides of the shading zone 202
1s set to 90%, and another one of the switchable barrier units
at both sides of the shading zone 202 1s set to 10% (the
operations above are denoted as a new second mode). The rest
may be deduced by analogy. Whenever switching the modes,
the transmittance of the switchable barrier units at the two
adjacent sides of the shading zone 202 1s adjusted by 10%.
Extra 9 modes are thus equivalently added, which are able to
increase the accuracy of the correspondence between the
visual angle of the user and the position of the photic zone 204
of the barrier cell 240. Thus, the smoothness of switching
images 1s improved.

FIG. 5B 1s a graph illustrating a relation curve of the visual
angles of the right eye and leit eye of a user 1n each mode 1n
FIG. SA and a crosstalk performance 1n accordance with one
embodiment of the present disclosure. The control unit 260 1s
turther configured to sequentially switch the switchable bar-
rier units to each mode 1n accordance with the visual angle of
a user, so as to cause the current mode to be switched to the
mode having the lowest crosstalk performance corresponding
to the visual angle. Thus, the quality of the 3D 1mage 1s
improved.

Taking FIG. 3 as a example, whenever the switchable bar-
rier units are switched, the control unit 260 sequentially
increases the voltage amplitude of one of the control signal
VCTRL1 and the control signal VCTRL2, and sequentially

decreases the voltage amplitude of another one of the control
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signal VCTRLI1 and the control signal VCTRLRL2, so as to
perform the operation of sequentially changing the luminance
of the gray level zone 206. For example, when switching to
the new second switch mode, the voltage amplitude of the
control signal VCTRL1 1s configured to set the transmittance
to be about 10%, and the voltage amplitude of the control
signal VCTRL?2 1s configured to set the transmittance to be
about 90%. Siumilarly, when switching to the new third mode,
the voltage amplitude of the control signal VCTRL1 1s con-
figured to set the transmittance to be about 20%, and the
voltage amplitude of the control signal VCTRL2 1s config-
ured to set the transmittance to be about 80%. Accordingly,
the transmittance of the gray level zone 206 1s thus adjusted
gradually by sequentially adjusting the voltage amplitudes of
both of the control signals VCTRL1 and VCTRL2.

Alternatively, taking FIG. 4A as example, whenever the
gratings are switched, the control unit 206 sequentially
increases the overlapping time between the enabling period of
one of the control signal VCTRL4 and the control signal
VCTRLS and the enabling period of the common control
signal VCTRLCOM, and sequentially decreases the overlap-
ping time between the enabling period of another one of the
control signal VCTRL4 and the control signal VCTRLS and
the enabling period of the common control signal VCTRL-
COM. For illustration, when switching to the new second
mode, the ratio of the transmission time of the control signal
VCTRLA4 1s configured to set the transmittance to be about
10%, and the ratio of the transmission time of the control
signal VCTRLS 1s configured to set the transmittance to be
about 90%. Similarly, when switching to the new third mode,
the ratio of the transmission time of the control signal
VCTRLA4 1s configured to set the transmittance to be about
20%, and the ratio of the transmission time of the control
signal VCTRLS 1s configured to set the transmittance to be
about 80%. Accordingly, the transmittance of the gray level
zone 206 1s thus adjusted gradually by sequentially adjusting
the ratio of the transmission times of both of the control
signals VCTRL4 and VCTRLS.

Another aspect of the present disclosure provides a driving
method for a stereoscopic display, such as the stereoscopic

display 200 shown 1n FIG. 2A. Reference 1s made to FIG. 6.
FIG. 6 1s a flow chart of a driving method 600 1n accordance
with one embodiment of the present disclosure. As shown in
FIG. 6, the driving method 600 includes steps S620, S630 and
S640.

In step S620, as shown in FIG. 2A, the sensor 220 detects
a user to generate the sensing signal Vsense.

In step S630, the visual angle of the user 1s calculated by the
control unit 260 in accordance with the sensing signal Vsense.

In step S640, as shown 1n FIG. 2A, the switchable barrier
units in the barrier pitches 242 are adjusted 1n accordance
with the visual angle, so as to make at least one of the swit-
chable barrier units of each of the barrier pitches 242 form a
shading zone 202, to make the switchable barrier units dis-
posed at two adjacent sides of the shading zone 202 form the
gray level zone 206, and to make the rest of the switchable
barrier units in same barrier pitch 242 form the photic zone
204. For illustration, a shown 1n FIG. 2C, 1n the switchable
barrier units required to be switched, the shading zone 202 1s
switched to the gray level zone 206, or the photic zone 204 1s
switched to the gray level zone 206. Thus, the problem of
tlicker 1s improved.

In addition, 1n step S640, the switchable barrier units are
able to be adjusted 1n the same manner as 1n the embodiment
illustrated 1n the FIG. 4A, and the gray level zone 260 1is
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formed by adjusting the voltage level of the control signals
(e.g., VCTRL 1 and CTRLVCTRL?2), so as to form the gray
level zone 206.

In this embodiment, the voltage amplitude of one of the
control signals VCTRL1 and the control signal VCTRL?2 1s
sequentially increased, and the voltage amplitude of another
one of the control signals VCTRL1 and the control signal
VCTRL2 1s sequentially decreased. Thus, the groups able to
be switched in the unity barrier pitch are equivalently
increased, and the smoothness of the image 1s improved.

Alternatively, 1n step S640, the switchable barrier units are
able to be adjusted 1n the same manner as in the embodiment
illustrated 1n FI1G. 4A, and the gray level zone 260 1s formed
by adjusting the ratio of the overlapping time between the
control signals (e.g., VCTRL4 and VCTRLS) of the switch-
able barrier units corresponding to the gray level zone 206,
and the common control signal (e.g., VCTRLCOM) of each
of the switchable barrier units, so as to form the gray level
zone 206.

For 1llustration, the overlapping time between the enabling,
period of one of the control signals VCTRL4 and the control
signal VCTRLS and the enabling period of the common con-
trol signal VCTRLCOM 1s sequentially increased, and the
overlapping time between the enabling period of another one
of the control signals VCTRL4 and the control signal
VCTRLS and the enabling period of the common control
signal VCTRLCOM 1s sequentially decreased. Thus, the
luminance of the gray level zone 1s gradually adjusted, and the
smoothness of 1image switching 1s improved.

In summary, the stereoscopic (3D) display and the driving,
method of the present disclosure include many driving con-
figurations to reduce flickers on the screen, and may be
applied to high-resolution displays.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations

of this invention provided they fall within the scope of the
following claims.

What 1s claimed 1s:

1. A method for driving a stereoscopic display, the stereo-
scopic display comprising a barrier cell, the barrier cell com-
prising a plurality of barrier pitches disposed 1n parallel, and
cach of the barrier pitches comprising a plurality of switch-
able barrier units, the method comprising:

generating a sensing signal by utilizing a sensor to detect a

user;

calculating a visual angle of the user by utilizing a control

unit to process the sensing signal; and

adjusting the switchable barrier units to make at least one

of the switchable barrier units of each of the barrier
pitches form a shading zone, to make the switchable
barrier units disposed at two adjacent sides of the shad-
ing zone form a gray level zone, and to make the rest of
the switchable barrier units in the same barrier pitch
form a photic zone;

wherein each of the switchable barrier units comprises a

control electrode and a common electrode, the common
clectrodes of the switchable barrier units are at a same
clectrical potential, and the control electrodes of the
switchable barrier units of each of the barrier pitches are
clectrically coupled to each other, the step of adjusting
the switchable barrier units comprising:
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providing a common control signal to the common elec-
trodes and the control electrodes of the switchable bar-
rier units corresponding to the photic zone, so as to form
the photic zone;

providing a first control signal and a second control signal
to the control electrodes of the switchable barrier units
of the two adjacent sides of the shading zone, respec-
tively, so as to form the gray level zone; and

providing a third control signal to the control electrodes of
the switchable barrier units corresponding to the shading
zone,

wherein the common control signal 1s complementary to
the third control signal, an enabling period of the first
control signal at least partly overlaps the enabling period
of the common control signal, and the enabling period of
the second control signal at least partly overlaps the
enabling period of the common control signal;

wherein the frequency of the common control signal 1s
different to the frequency of the first control signal and
the frequency of the second control signal.

2. The method of claim 1, the step of adjusting the switch-

able barrier units comprising:

applying a voltage on the least one common electrode and
the control electrodes of the switchable units corre-
sponding to the photic zone, so as to form the photic
Zone;

providing a first control signal and a second control signal
to the control electrodes of the switchable barrier units
of the two adjacent sides of the shading zone, respec-
tively, so as to form the gray level zone; and

providing a third control signal to the control electrodes of
the switchable barrier units corresponding to the shading
zone, so as to form the shading zone.

3. The method of claim 2, wherein whenever the switch-
able barrier units are adjusted, a voltage amplitude of one of
the first control signal and the second control signal 1s sequen-
tially increased, and the voltage amplitude of the other one of
the first control signal and the second control signal 1s sequen-
tially decreased.

4. The method of claim 1, wherein whenever the switch-
able barrier units are adjusted, the overlapping time between
the enabling period of one of the first control signal and the
second control signal and the enabling period of the common
control signal 1s sequentially increased, and the overlapping
time between the enabling period of the other one of the first
control signal and the second control signal and the enabling
pertiod of the common control signal i1s sequentially
decreased.

5. The method of claim 1, wherein the frequency of the
common control signal, the frequency of the first control
signal and the frequency of the second control signal are the
same, and a phase difference 1s present between the phase of
the first control signal and the second control signal and the
phase of the common control signal.

6. The method of claim 1, wherein in each time frame, the
switchable barrier units disposed at two adjacent sides of the
shading zone form the gray level zone.

7. A stereoscopic display, comprising:

a barrier cell configured to generate a grating-like structure
to form a 3D image with a 2D image, the barrier cell
comprising a plurality of barrier pitches disposed 1n
parallel, and each of the barner pitches comprising a
plurality of switchable barrier units;

a sensor configured to detect a user to generate a sensing,
signal; and

a control unit configured to calculate a visual angle of the
user 1 accordance with the sensing signal, and accord-
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ingly generate a plurality of control signals 1n accor-
dance with the visual angle to adjust the switchable
barrier units, so as to make at least one of the switchable
barrier units of each of the barrier pitches form a shading
zone, to make the switchable barrier units disposed at
two adjacent sides of the shading zone form a gray level
zone, and to make the rest of the switchable barrier units
in the same barrier pitch form a photic zone;

wherein each of the switchable barrier units comprises a

control electrode and a common electrode, the common
clectrodes of the switchable barrier units are at a same
clectrical potential, and the control electrodes of the
switchable barrier units of each of the barrier pitches are
clectrically coupled to each other, wherein the control
unit 1s configured to provide a common control signal to
the common electrodes and the control electrodes of the
switchable barrier units corresponding to the photic
zone to form the photic zone 1n accordance with the
visual angle, the control unit 1s configured to provide a
first control signal and a second control signal to the
control electrodes of the switchable barrier units of the
two adjacent sides of the shading zone, respectively, to
form the gray level zone 1n accordance with the visual
angle, and the control unit 1s further configured to pro-
vide a third control signal to the control electrodes of the
switchable barrier units corresponding to the shading
zone 1n accordance with the visual angle;

wherein the common control signal 1s complementary to

the third control signal, an enabling period of the first
control signal at least partly overlaps the enabling period
of the common control signal, and the enabling period of
the second control signal at least partly overlaps the
enabling period of the common control signal;

wherein the frequency of the common control signal 1s

different to the frequency of the first control signal and
the frequency of the second control signal.

8. The stereoscopic display of claim 7, wherein the control
unit 1s configured to apply a voltage on the least one common
clectrode and the control electrodes of the switchable units
corresponding to the photic zone to form the photic zone 1n
accordance with the visual angle, the control unit 1s config-
ured to provide a first control signal and a second control
signal to the control electrodes of the switchable barrier units
of the two adjacent sides of the shading zone, respectively, to
form the gray level zone 1n accordance with the visual angle,
and the control umt 1s further configured to provide a third
control signal to the control electrodes of the switchable
barrier units corresponding to the shading zone to form the
shading zone 1n accordance with the visual angle.

9. The stereoscopic display of claim 8, wherein whenever
the switchable barrier units are adjusted, the control umt
sequentially increases a voltage amplitude of one of the first
control signal and the second control signal and sequentially
decreases the voltage amplitude of the other one of the first
control signal and the second control signal.

10. The stereoscopic display of claim 7, wherein whenever
the switchable barrier units are adjusted, the overlapping time
between the enabling period of one of the first control signal
and the second control signal and the enabling period of the
common control signal 1s sequentially increased, and the

overlapping time between the enabling period of the other one
of the first control signal and the second control signal and the
enabling period of the common control signal 1s sequentially
decreased.
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11. The stereoscopic display of claim 7, wherein a phase
difference 1s present between the phase of the first control
signal and the second control signal and the phase of the
common control signal.
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